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ABSTRACT 
 
 The health care system in the United States has experienced drastic changes in the recent 
past. Continuously growing pressures to control health care costs and the increasing 
corporatization of health care are changing physician decisions about how and where to provide 
medical care. Physicians are increasingly drawn to medical office complexes, group practices, 
and hospital-owned practices, resulting in a shifting landscape of physician services. The goal of 
this research is to analyze the changing spatial distribution and clustering of primary care 
physicians in Cook County, Illinois from 2000 to 2008. Using data from the American Medical 
Association's Physicians Master File for 2000 and 2008, primary care physician locations are 
geocoded, mapped, and analyzed to evaluate change over time. Spatial analysis methods such as 
kernel density mapping and the L-function are used to analyze changes in the spatial clustering 
and dispersion of primary care physician locations. Geographically weighted regression models 
are then used to compare primary care physician supply to the socioeconomic demographics of 
census tracts in Cook County. Results indicate that spatial clustering of primary care physicians 
increased over the eight year period. Linear regression analyses show positive relationships 
between primary care physician-to-population ratios and median income and percentage of the 
work force employed. However, geographically weighted regression shows that these 
relationships vary throughout the county. Implications for access to care and possible policy 
changes to increase primary care physician spatial accessibility are discussed. 
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CHAPTER 1 
 
INTRODUCTION 
 
 Primary health care plays a vital role in the health care system of the United States. To 
many, primary care represents the first entry into the health care system. Physicians, nurses and 
other health care professionals can provide primary care (Starfield 2009). Primary care services 
support the health care system by four defining features: they are the first point of entry into 
health care for many patients, they provide person-focused care instead more specific disease-
focused care, they provide comprehensive care, and they coordinate and integrate care when 
more specialized care is needed elsewhere (Starfield 2009). 
 Providing adequate access to primary care is essential for maintaining the health of a 
population. Previous studies have shown that primary care physician supply is associated with 
improved health outcomes for conditions such as: cancer, heart disease, stroke, infant mortality, 
life expectancy, and self-rated health (Macinko et al. 2007). Along with improved care, a greater 
emphasis on primary care is seen as a way to lower the costs of health care (Starfield et. al. 
2005). It has been argued that more regular visits to primary care physicians will reduce the 
usage of emergency rooms through preventing and treating conditions that can be detected 
during regular medical visits (Stephens and Ledlow 2010). 
 The landscape of health care has changed dramatically in the United States in recent 
times. Health care providers are opening, closing and changing locations, new forms of health 
care are emerging, and the ever rising costs of health care are changing where and how health 
care is being provided (McLafferty 2003). Increasing financial pressures are also providing 
incentives for physicians to join into group practices (Liebhaber and Grossman 2007). Over time 
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as physicians join group practices and other facilities such as clinics and hospitals, this leads to a 
spatial aggregation (clustering) of physicians in an area.  
 Spatial aggregation of physicians can lead to disparities in accessibility. Areas that 
experience a clustering of physicians will have greater spatial accessibility, whereas the areas 
located away from the clusters will have lower accessibility. This can be especially problematic 
when primary care physicians cluster, as these physicians represent the first entry into the health 
care system for many people. If people are not able to adequately access primary care, then they 
may have no entry into the health care system at all, or they may delay visits for important 
preventive health services. 
 This project examines the locations of primary care physicians in Cook County, Illinois 
from 2000 to 2008. This research focuses on several important research problems. First, are 
primary care physicians clustering in Cook County? If so, where are these clusters located, and 
are the locations and intensity of clusters changing over time? This takes a unique look at the 
locations of primary care physicians as to date no published studies have attempted to explicitly 
analyze spatial clustering of primary care physicians. The clustering of primary care physicians 
is measured using the L-function and kernel density analysis. 
 Second, how are the shifting locations affecting spatial accessibility of primary care 
physicians? As primary care physicians cluster in certain locations, this may leave other areas of 
the county underserved. However, if physicians are clustering in areas of higher population 
density, then the increased clustering may not necessarily lead to inequalities in spatial access. 
Spatial accessibility to primary care physicians is measured based on physician-to-population 
ratios and compared over the period of 2000 to 2008. 
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 The final research question asks how are the locations and availability of primary care 
physicians related to the socioeconomic characteristics of the population. Are primary care 
physicians locating in areas of high income? Are they avoiding areas where patients may not be 
able to pay for services? If primary care physicians are being drawn to high income areas, this 
may create disparities in access for different populations in Cook County. Geographically-
weighted regression models are used to observe the correlation between primary care physician 
supply and the socioeconomic characteristics of census tracts in Cook County. 
 The following thesis is divided into four additional chapters. The next chapter contains a 
literature review on the importance of primary care and geographic dimensions of primary care 
provision. This chapter focuses on defining primary care, discussing the importance of spatial 
accessibility to primary care, reviewing the literature on locations of primary care physicians, 
and discussing the methods used to measure spatial access to primary care. Chapter 3, the data 
and methods chapter, discusses the primary care physician and socioeconomic datasets acquired 
for analysis, as well as the methods used to measure clustering and the regression models used to 
compare primary care physician supply to demographic data. A short summary of the study area 
is also included. Chapter 4 discusses the results from analyses on the clustering of primary care 
physicians, as well as results from the regression models comparing primary care physician 
supply to socioeconomic data. The final chapter summarizes the results found in this study, the 
limitations of the study, and possible policy implications and directions for future research. 
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CHAPTER 2 
 
LITERATURE REVIEW 
 
 The following chapter examines what is meant by the term “primary care” and how it has 
been defined in the literature. Discussions on what constitutes a “primary care physician” are 
also included, since sources other than physicians can provide primary care. The concepts of 
access are examined, as well as the specific measure of “spatial accessibility”. Methods on 
measuring spatial accessibility are also drawn from the existing literature, as well as the benefits 
of greater spatial accessibility to primary care physicians. The factors that influence the practice 
location decisions of physicians are discussed in the following chapter as well. Finally, previous 
studies on the locations and access to primary care physicians in the United States are 
summarized and examined. Contributions of this paper to the existing literature are also briefly 
discussed. 
 
2.1 What is Primary Care? 
 
 Primary care is a vital part of the health care system in the United States and other 
countries. Starfield (2009) defines primary care as, “basic, routine, and preventive care that is 
often provided in an office or clinic by a provider who coordinates all aspects of a patient’s 
healthcare needs”. Four concepts generally define primary care (Kimball and Young 1994; 
Starfield 2009). The first is that primary care is often a patient’s first entry into the health care 
system for a given health issue (Forest and Starfield, 1998; Starfield 2009). When faced with an 
unknown problem, patients rely on their primary care source to provide a diagnosis and possible 
treatment to a problem. If the problem is unknown or untreatable by the source of primary care, 
patients also expect a referral to another source of specialized health care. Being a first contact 
also helps to “filter” patients, by providing care and reducing unnecessary visits to specialists 
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(Starfield 2009). The second concept is that primary care is not specialized. It is not limited to a 
specific problem origin, organ or other body system, or diagnosis (Primary Care n.d.). Primary 
care can be thought of as “person-focused” care rather than “disease-focused” (Starfield 2009). 
Third, primary care is continuous care, meaning that patients use their primary source of care for 
the majority of their health care needs (Forest and Starfield 1998). This can possibly lead to 
longer relationships between physicians and patients, a greater knowledge of a patient’s history, 
and an increased comfort level of the patient. Continuity is seen as one of the hallmarks of 
primary care and a vital way to improve quality of care, reduce health care cost, and increase 
patient satisfaction (Rogers and Curtis 1980). The fourth concept of primary care is integrated 
health care. This means that primary care helps to coordinate a patient’s care with other sources 
of health care when needed, by providing a referral and also a patient’s history, previous medical 
examinations and tests, and other medical information on the patient.  
 
2.2 What is a Primary Care Physician? 
 
 Primary care is not necessarily administered by a physician. Primary care is often 
administered by a physician, but nurses and other health care professionals also provide primary 
care (Starfield 2009). So what defines a primary care physician, and what types of physicians are 
considered as being primary care? General practitioners, family practitioners, and internists are 
generally considered to be primary care physicians. These types of physicians are included in 
most studies and papers on primary care physicians (Table 1). 
  Pediatricians are often considered as primary care physicians as well. Pediatricians do fit 
the primary care definition of being first-contact, person-focused, comprehensive, and 
coordinating (Starfield 2009). However, while they are not specialist physicians, they do 
specialize in treating younger patients. In order to focus on primary care access for the 
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population as a whole, pediatricians were not included as primary care physicians for this study. 
Similarly, geriatricians are sometimes considered primary care but were not included for 
analyses in this paper due to their focus on older populations.  
 The designation of obstetrician/gynecologists as primary care physicians is less clear. 
Some studies consider obstetrician/gynecologists as primary care, while others do not (Table 1). 
Many women often choose to see their obstetrician/gynecologist for annual preventive care, 
essentially acting as a primary care physician (Stovall et al. 2007). However, 
obstetrician/gynecologists also provide specialist care in women’s and reproductive health. 
Obstetrician/gynecologists have mixed opinions on whether or not they provide primary care. A 
survey of 139 obstetrician/gynecologists found that 48% believe that they should be considered 
as primary care physicians, and that 47% believe they are adequately trained for providing 
primary care (Stovall et al. 2007). Another survey of 235 obstetrician/gynecologists found that 
37% had little or no interest as serving as primary care physicians, while 37% had some or high 
interest (Scroggs et al. 1997). Because of the unclear relationship between 
obstetrician/gynecologists and primary care, and the fact that they only provide health care for 
women, they were not included as primary care physicians for this study.  
 
2.3 Defining Access 
 Penchansky and Thomas (1981) define access to health care in five specific dimensions: 
availability, accessibility, accommodation, affordability, and acceptability.  Availability refers to 
the adequacy of the supply of physicians and other health care professionals, health care 
facilities, and specialized health care programs. Availability also takes into account the 
population size (the larger a population is, the more physicians and hospitals are needed) and the 
types of health care available (i.e. a large supply of pediatric doctors will not benefit an older 
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population). Accessibility is the relationship between the locations of the supply of health care 
(i.e. physicians, hospitals, and clinics) and the location of patients. Accommodation represents 
the relationship between the ways in which the supply resources are organized to accept patients, 
the patients’ ability to accommodate to the organization of services, and the patients’ perception 
of the appropriateness of the organization of services. Affordability refers to the relationship 
between the prices of services and patients’ ability to pay for these services. In the United States, 
the insurance coverage of the patient and the insurance acceptance of the physician (or hospital, 
clinic, etc.) have a large impact on affordability. The final concept is acceptability, referring to 
the relationship of clients' attitudes about characteristics of providers to the actual characteristics 
of providers. This concept also represents provider attitudes about the acceptable personal 
characteristics of clients. 
 These five concepts of access can be further divided into two categories: spatial and non-
spatial access (Khan and Bhardwaj 1994). Affordability, acceptability and accommodation 
represent the non-spatial aspects of access. These generally reflect health care financing 
arrangements and various cultural aspects of access (Guagliardo 2004). Availability and 
accessibility are the spatial components of access to health care. Guagliardo (2004) contends that 
in the context of urban areas, where large numbers of service locations are common, these two 
spatial dimensions of access should be considered simultaneously. This is referred to as “spatial 
accessibility” (Guagliardo 2004; Guagliardo et al. 2004).  
 Within these two categories, access can further be subdivided into two parts: potential 
access and realized access (Khan and Bhardwaj 1994). Potential access refers to the available 
supply of health care, such as hospitals, physicians, and clinics. Having an adequate supply of 
health care facilities and professionals is only one part of spatial accessibility. The health care 
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supply must be free of barriers, such as long travel distances or inadequate transportation, for 
patients to access it. Non-spatial access also has a potential and realized access divide. 
Physicians may be present in the area, but cultural barriers such as speaking different languages 
or having different attitudes towards health care can affect patient access. Analyses in this paper 
focus on measuring the potential spatial access to primary care physicians in Cook County. 
 
2.4 Measuring Spatial Access 
 
 There are many techniques and approaches to measuring spatial access to health care. 
Generally the first step is to map the locations of health care services. In order to measure spatial 
access to health care services, the locations of these health care services must be known. 
Information about health services most often exists in tabular form, usually as databases of 
service providers and their addresses or locations (Cromley and McLafferty 2012). Many 
different types of lists exist, such as databases of hospitals, physicians, and emergency rooms. 
Various local, state, and federal governmental agencies maintain separate databases of their own 
services, and many private and voluntary organizations maintain databases as well (Cromley and 
McLafferty 2012). With so many databases available, there are many factors that must be 
considered when choosing a database, such as the publishing organization, the types of health 
care services desired for analysis, the reporting lag of the database, and the time period that the 
database covers.  
 Once a database has been chosen (for this project it is the American Medical 
Association’s Physician Masterfile), the location of physicians must be geocoded. Geocoding is 
the process of converting text-based street address data into digital geographic coordinates, 
which can then be used in a Geographic Information System or GIS (Goldberg 2011). While 
geocoding is very useful for importing these street addresses into a GIS, it is in essence a 
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translation and with translations come inevitable errors. Addresses may be misspelled or 
incomplete, or correctly recorded but assigned to the wrong geocode (Krieger et al. 2001). Once 
errors enter geocoded data, they will be propagated throughout all of the subsequent analyses on 
these data (Goldberg 2011). This is why it is important to realize that no geocoded data will be 
100% accurate, and the methods that were used to geocode data should be as transparent as 
possible to other users of the data.  
 There are two aspects to the accuracy of geocoded data: completeness, which represents 
the proportion of addresses that were able to be geocoded, and positional accuracy, which means 
how closely the geocoded locations correspond to the true locations (Jacquez 2012). 
Completeness is fairly easy to measure; all that is needed is to compare the number of 
successfully geocoded cases with the number of cases in the original database. Positional 
accuracy is harder to verify because this would require significant time and money, especially for 
larger studies, to physically verify each case (Bonner et al. 2003).  
 McLafferty et al. (2012) conducted a study in the Chicago metropolitan region on the 
spatial error in geocoding primary care physicians from the American Medical Association’s 
Physician Masterfile, which is the data source used in this study. In the Masterfile, some 
physicians only report a mailing address which may not correspond to the location where health 
care is provided.  The authors geocoded physicians using both their supplied mailing address and 
office address, and compared the differences between the two. Physicians with both types of 
addresses (n = 4723) had an average distance of 8.8 kilometers between them. However, these 
results were highly skewed with a median distance of 801 meters, as approximately half of the 
physicians had identical office and mailing addresses. On the other extreme, 36.7% of physicians 
had addresses more than 10 kilometers apart, and 16% more than 20km apart. This means that 
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using the mailing address compared to the office address is correct around half of the time, and 
the other half of the time may lead to very large locational errors (McLafferty et al. 2012).  
 After physicians have been geocoded, there are several approaches to measuring potential 
spatial access. One simple way to measure spatial accessibility is the average distance or travel 
time to the nearest health care provider (Williams et al. 1983). This analysis is relatively easy to 
do and can be used to measure spatial accessibility to many different types of health care 
providers. However, this approach assumes that patients will always travel to the nearest health 
care provider, and ignores the fact that patients may travel farther for other reasons, such as 
better care. One variation on this technique is to measure the average distance to all physicians in 
an area instead of the nearest physician (Dutt et al. 1986). Results from this method are not 
limited to the nearest physician. However, this method must be limited to a certain area, and 
assumes that physicians outside the defined area are not accessible. Results can be especially 
questionable for locations near an edge, as physicians in the neighboring unit may actually be 
closer than physicians inside of it (Guagliardo 2004).   
 Kernel density estimation is frequently used to visualize the distribution of physicians or 
health care services, turning discrete point data into a continuous spatial variable. Kernel density 
estimation consists of a circular window of a defined bandwidth scanning a map of health care 
services, and the kernel density of these health care services is calculated within each window 
(Cromley and McLafferty 2012). One advantage of kernel density estimation is that the results 
can be used to construct physician-to-population ratios or facility-to-population ratios. The 
benefit of using kernel density estimation to construct ratios over a simple physician to 
population ratio per unit calculation is that the results are not constrained by artificial boundaries 
and distance can better be controlled for (Spencer and Angeles 2007). 
  
11 
 
 Spencer and Angeles (2007) use kernel density estimation to assess the availability of 
health care facilities in Nicaragua. Using data from the 2001 Nicaragua Health Facility Survey, 
they conducted kernel density estimation using five, ten, and fifteen kilometer bandwidths. 
Spencer and Angeles also performed kernel density estimation on 2001 population estimates in 
order to construct population density for their analyses. Once the health facility and population 
kernel density estimates were completed, they divided the population density by the health 
facility density to calculate accessibility ratios, as well as dividing the facility density by the 
population density to find the population-per-facility ratio. The 2001 Nicaragua Health Facility 
Survey also contained information on staffing for each health care facility. By adding this data to 
their kernel density analyses, they calculated staff-per-population ratios as well. Spencer and 
Angeles found that population-to-facility ratios were higher in urban areas, indicating lower 
population coverage of facilities in those areas. However, when accounting for staffing at 
facilities by calculating population-to-provider ratios, the urban areas ratios improved. 
 Kernel density estimation is generally simple to compute in a GIS, easily interpreted, and 
frequently used. However, care must be used when setting up kernel density estimation analyses. 
Bandwidth selection has a significant impact on the results returned from kernel density 
estimation. If a bandwidth is large, then small irregularities will be obscured. However, if a 
bandwidth is small, then this will result in a bumpy density surface (Donthu and Rust 1989). 
When arbitrarily selecting a bandwidth, one must consider these factors. There are also methods 
to construct adaptive bandwidths that vary locally based on the data, eliminating the need to 
arbitrarily choose a bandwidth; however adaptive methods also require some arbitrary decisions 
(Brunsdon 1995; Shi 2010). 
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 The two-step floating catchment area method, a gravity-based method developed by 
Radke and Mu (2000) and improved upon by Luo and Wang (2003), allows the measurement of 
physician access based on travel time. This method is a two-step process and returns values in 
physician-to-population ratios (Guagliardo 2004). The first step of the process is to calculate 
physician-to-population ratios for each of the physician supply areas used in analysis (i.e. census 
tracts or zip code areas). The number of physicians in a certain unit is divided by the population 
of units within a certain travel time, usually 30 minutes. The second step focuses on population 
points. These can be discreet points, such as specific residences, or summary points, such as a 
tract centroid that is assigned the population of the tract. In this second step, physician-to-
population ratios are obtained for each population point by adding the provider-to-population 
ratios from the first step for providers whose catchments overlap the population point 
(Guagliardo 2004).  
 Luo and Wang have used this method in several papers to analyze spatial accessibility to 
primary care physicians (Luo and Wang 2003, Luo et al. 2004, Wang and Luo 2005). An 
advantage of using the two-step floating catchment area method is that it ignores administrative 
borders and bases its measurements on travel time (Luo et al. 2004). These travel times are also 
based on actual road networks instead of straight line distances (Luo and Wang 2003). However, 
calculating these travel times can be computationally intensive when working with areas with 
dense road networks. 
 Luo and Qi (2009) have introduced an enhanced two-step floating catchment area that 
accounts for distance decay. The enhanced method alters the first step by going to each unit and 
creating three travel time zones: 0-10 minutes, 10-20 minutes, and 20-30 minutes. Distances are 
calculated from each unit to physicians, and physician-to-population ratios are created with 
  
13 
 
closer physicians being weighted higher. In the second step, the ratios are summed up and the 
same weights from the first step are applied to different travel time zones to account for distance 
decay (Luo and Qi 2009). This method represents an improvement over the original two-step 
floating catchment area as the three travel time zones help to model distance decay in physician 
access. 
 
2.5 Benefits of Spatial Accessibility to Primary Care Physicians 
 
 Many previous studies have uncovered benefits of increased spatial accessibility to 
primary care physicians. A 2008 study in the state of Illinois found that living in areas of poor 
spatial accessibility to primary care physicians increases the likelihood of late diagnosis of breast 
cancer (Wang et al. 2008). As with most cancers, the chance of mortality and negative health 
outcomes increases with later diagnoses of breast cancer. On the other hand, when the cancer is 
diagnosed early, rates of survival are substantially higher then cases with late diagnosis (Wang et 
al. 2008). The Wang et al. study of 2008 also found that in Illinois, spatial accessibility to 
primary care physicians was more important than access to mammography facilities in achieving 
higher rates of early diagnosis of breast cancer. 
 A state-level study found that states with higher primary care physician-to-population 
ratios had a negative association with infant mortality and low birth weight (Shi et al. 2004). In 
the study, both contemporaneous and time-lagged measures of primary care were associated with 
fewer cases of low birth weight and infant mortality. The association between low ratios of 
primary care physicians and infant mortality and low birth weight remained even when 
accounting for income inequality and socio-demographic covariates. A similar state level study 
found that higher ratios of primary care physician-to-population ratios were negatively 
associated with mortalities from strokes (Shi et al. 2003). This correlation remained significant 
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even when accounting for income inequality and other socio-demographic factors. On average, 
the study found that an increase of 1 primary care doctor per 10,000 population was associated 
with a reduction of 1.5 deaths per 100,000 population. Another study at the state level found that 
higher primary care physician-to-population ratios correlated with lower general mortality rates 
(Shi et al. 2005). Specifically, the study found that an increase of one primary care doctor per 
10,000 population was associated with a reduction of 14.4 deaths per 100,000 population. The 
correlation between primary care and mortality remained significant even when including 
income inequality and socio-demographic covariates in their analyses. 
 The benefits of spatial accessibility to primary care physicians are not always so clear. 
Ricketts and Holmes (2007) use both random effect and fixed effect geographically weighted 
regression models to measure the correlation between primary care supply and mortality at the 
county level in the United States. Their random effect models found strong regional patterns in 
the correlation of primary care physician supply and mortality in the United States. Primary care 
physicians were found to be associated with decreased mortality on the east coast and upper 
Mississippi valley, whereas the correlation disappeared in the west and south central states. The 
fixed effect models found a much weaker correlation between primary care physicians and 
mortality, with a few exceptions in small areas. 
 Overall in the United States, an increased supply of primary care physicians has been 
shown to result in health benefits to the population. A summary of ten studies between 1985 and 
2005 found that increased primary care physician supply was associated with improved health 
outcomes, including all-causes, and specifically: cancer, heart disease, stroke, infant mortality, 
low birth weight, life expectancy, and self-rated health (Macinko et al. 2007). 
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2.6 Location Decisions of Physicians 
 
 Choosing a practice location is one of the most important decisions in a physician’s 
career. Practice location has a significant impact on both the professional and personal life of a 
physician. Practice location can affect the number and type of patients a physician sees, their 
interactions with other health care providers, income opportunities, where they locate their home 
and many other factors. It has been argued that the choice of a practice location may have as 
much impact on lifetime income expectations as the choice of specialty of a physician (Langwell 
1980). The location decisions of physicians affect the overall distribution of physicians; so many 
studies have been done to examine the factors that affect these decisions. The majority of 
analyses on physician location decisions have been done on new physicians. Studies on the 
location decisions of young physicians are particularly important because once an area is chosen; 
physicians tend to stay due to the costs of relocating such as acquiring new patients and getting 
credentialed at local hospitals (Chou and Lo Sasso 2009). In all, studies have shown that 
physicians are not locating in the areas of most need; rather most physicians locate in areas 
which are pleasing to them and areas with maximum income potential and that new physicians 
are sensitive to the characteristics of the locations in which they locate when beginning their 
careers (Chou and Lo Sasso 2009). 
 One of the earliest studies examined factors that affected the locations of physicians in 
Indiana (Dinkel 1946). The main purpose of the study was to examine the differences in the 
location decisions between physicians who located in an urban area versus physicians who 
located in a rural area. Several differences were found between urban and rural physicians. Half 
of rural physicians said the fact that there were few physicians in the area had an impact on their 
location decision, while only 17% of urban physicians did so. The concept of a “hometown” was 
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found to be more important to urban physicians as 43% marked this as a factor in their location, 
while only 14% of rural physicians said the same thing. Some factors had a strong influence on 
both urban and rural physicians. Good hospital facilities were an important factor to 69% of 
urban physicians and 53% of rural physicians. Overall, the most important factor to rural 
physicians was that their town was “a nice place to live”, whereas the presence of good hospital 
facilities was the most important to urban physicians. Physician’s preference for locating near 
good hospital facilities may possibly lead to the clustering of physicians in areas near hospitals, 
especially since this means new physicians will be locating near the existing physicians who 
practice in these hospitals. 
 A survey of 504 physicians (429 urban physicians and 75 rural physicians) in eastern 
North Carolina found that a physician’s personal characteristics were most impactful when 
deciding on a practice location, followed by community and medical school factors (Rhodes and 
Day 1989). A very strong positive correlation was found between the size of the community 
where the physician was raised and the size of the community they practice in. Important factors 
to urban physicians in choosing a practice location were opportunities to join partnerships or 
group practices and opportunities for professional interactions. These preferences mean that 
physicians are more likely to locate in areas where there are already existing physicians, which 
may lead to clustering. Rural doctors, however, claimed that the local medical needs were an 
important factor in choosing their practice location, which may help fill in underserved areas. 
 A more recent study of the locations of physicians in Japan and the United States 
between 1985 and 2005 found that physicians in the United States seemed to locate according to 
income distribution (Matsumoto et al. 2010). Analyses for the United States were done at the 
county level and physician-to-population ratios were found for the years 1985, 1990, 1995, 2000, 
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and 2005. These ratios were then compared with per capita income levels. The study found that 
physician-to-population ratios increased in the United States by 47.3% over the twenty year time 
period. Results also showed that in the United States, the proportion of physicians who worked 
in the lowest income counties was 8.6%, whereas the proportion of physicians who worked in 
the highest income counties was 25.5%. There was a positive correlation between physician-to-
population ratios and income levels of counties and this correlation became stronger over the 
twenty year study period, suggesting that physicians cluster in areas of higher per capita income. 
 Several studies have investigated the specific location decisions of primary care 
physicians. A study of physicians in the United States found that young primary care physicians 
(under 35 years of age) prefer to locate in areas of moderate population as well as areas with low 
crime, poverty, taxes, and a moderate cost of living (Carpenter and Neun 1999). Young primary 
care physicians are also drawn to counties that already have a large number of practicing primary 
care physicians, and a large number of hospital beds. This suggests that primary care physicians 
may be clustering in these areas. A more qualitative study of primary care physicians found that 
personal background, economic incentives, and educational factors influence a physician’s 
practice location. Physicians also often described the geographic location of their office as 
important (Walker et. al. 2010). 
 
2.7 Previous Studies on the Locations and Access to Primary Care Physicians in the U.S. 
 
 There are several studies in the literature on the locations of primary care physicians and 
the effects on access. An early analysis by Dutt et al. (1986) assessed the locations and service 
adequacy of primary care physicians in two counties in Ohio. Primary care physicians were 
divided into three groups: general practitioners, obstetricians/gynecologists, and pediatricians. 
An average distance index was then calculated by measuring the distances which separate a 
  
18 
 
physician from all other physicians in the area and taking the average. A small value in the index 
means that a physician is located relatively near other physicians, whereas a larger value means 
the physician is more distant from other physicians. The analyses found that each group is mostly 
concentrated in the urban areas of the two counties, and few physicians located on the periphery. 
The rural areas of the counties showed a deficiency in all of the categories of primary health 
care. 
 Kernel density estimation has been used to examine the density and accessibility of 
primary care physicians. Guagliardo et al. (2004) used kernel density estimation to measure the 
accessibility of primary care physicians for children (general practitioners, family medicine, and 
pediatricians) compared to the socioeconomic and racial characteristics of the background 
population in Washington, D.C. First, physician-to-population ratios were constructed by 
performing kernel density estimation on the location of primary care physicians for children and 
the population of children and dividing these results. Then, the ratios of census tracts were 
compared with demographic data on the population of the tracts. The findings showed that lower 
accessibility to primary care physicians for children is associated with lower neighborhood 
income and higher percentage of black residents. Of the two factors, the racial makeup of a 
neighborhood was found to be a greater risk factor for poor access to primary care physicians 
than is the income level of a neighborhood. 
 The two-step floating catchment area method has been utilized in several studies on 
access to primary health care (Luo and Wang 2003, Luo et al. 2004, Wang and Luo 2005), as 
well as the enhanced two-step floating catchment area method, which accounts for distance 
decay (Luo and Qi 2009). These studies have been limited to Illinois, and usually the Chicago 
area. These studies found that in the Chicago region as well as the state as a whole, access to 
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primary care physicians is lower in rural areas (Luo and Wang 2003, Wang and Luo 2005), and 
that in the state of Illinois, areas that worsened in access over time were generally located in rural 
areas (Luo et al. 2004).  
 While there are several studies of the location of primary care physicians, no studies 
focus specifically on the phenomenon of spatial clustering of primary care physician locations. 
Clustering of physicians can lead to both undersupplied areas, and areas oversaturated with 
physicians. Also, if physicians cluster in areas with certain demographic characteristics, this may 
result in certain populations being underserved. This paper contributes to the literature by 
specifically looking at the clustering of primary care physicians in Cook County using the L-
function and kernel density estimation. Then, the accessibility of primary care physicians is 
measured to see if clustering has effects on the physician-to-population ratio of Cook County. 
Finally, the distribution of primary care physicians is compared with socioeconomic data to see 
if physicians in the study area follow the general trend observed elsewhere of concentrating in 
areas with higher income levels and lower percentages of minority population.  This type of 
trend would provide evidence of socioeconomic inequalities in spatial access to primary care 
physicians. 
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Table 1. Physicians considered as primary care in previous studies. 
Authors 
Family 
Practitioner 
General 
Practitioner 
Internal 
Medicine OB/GYN Pediatrician Geriatrics 
General 
Surgery 
Luo et al. 
(2004) 
X X X X X   
Grumbach 
et al. 
(1995) 
1
 
X X X  X   
Forrest and 
Starfield 
(1998) 
X  X X X  X 
Starfield 
(2009) 
X X X X X   
Wang et al. 
(2012) 
X  X X X   
Gaskin et 
al. (2012) 
X X X X X   
Petterson 
et al. 
(2012) 
X X X  X X  
Benarroch-
Gampel et 
al. (2012) 
X X X   X  
Starfield et 
al. (2005) 
X X X  X   
Chien et al. 
(2012) 
X X X X    
Wang et al. 
(2008) 
X X X X    
Ricketts 
and 
Holmes 
(2007) 
X X X  X   
1 Grumbach et al. (1995) use four different models in their paper to define primary care physicians. Their first model, which they 
considered the most rigorous definition of primary care physicians, is included here. 
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CHAPTER 3 
 
DATA AND METHODS 
  
 The following chapter contains information on the data and methods that were used in the 
project. Primary care physician and demographic data are discussed, as well as the various 
analyses and methods utilized for this project. Discussion on the study area of the project is also 
included in the following section. 
 
3.1 Study Area 
 
 This study takes place in Cook County, Illinois (Figure 1). The county contains the city 
of Chicago, as well as some surrounding communities. It was chosen because it is a highly 
populated area with a strong urban/suburban divide. Much of the county lives in the urban area 
of Chicago, with population density generally falling farther away from the city.  Cook County 
contains a population of around 5.2 million, with 2.7 million people living in Chicago (Cook 
County, Illinois 2013; Chicago, Illinois 2013). The area is also highly diverse in terms of race 
and income. Chicago is also a major hub of medical care, with many hospitals and doctors, and 
several medical schools.   
 
3.2 Data 
 
 Data on primary care physicians for this project come from the American Medical 
Association’s Physician Masterfile. Analyses in this paper use data for the years 2000, 2004, and 
2008 from the Physician Masterfile. Governmental health departments, medical societies, policy 
makers, and many congressional, government, and health researchers rely on the AMA Physician 
Masterfile as the definitive source of data on physicians in the United States (Grumbach et al. 
1995; Goodman and Eisenberg 1977). The Physician Masterfile was created in 1906 and 
  
22 
 
includes education, training and professional certification information on almost all Doctors of 
Medicine as well as Doctors of Osteopathic Medicine in the United States (AMA Physician 
Masterfile n.d.). The Physician Masterfile also includes physicians who are not members of the 
American Medical Association (Rittenhouse et al. 2004). In 1958, the American Medical 
Association began using computers to maintain physician data, which helped to keep a more 
detailed and up-to-date record of every physician in the United States (Goodman and Eisenberg 
1977). Data in the Physician Masterfile come directly from physicians through periodic surveys 
and also through secondary sources of physician information that are obtained from medical 
schools, hospitals, state licensing agencies, and medical societies (Grumbach et al. 1995; Kletke 
et al. 2000).  Information on physicians’ age, sex, place of birth, office and mailing addresses, 
field of specialty, and several other categories are included in the Physician Masterfile. 
 The Physician Masterfile identifies physician’s specialty based on two variables – 
primary specialty and secondary specialty.  The physician’s self-reported hours worked per week 
are used to identify these two variables. The physician survey asks physicians to report up to 
three specialties and the number of hours per week they spend in each specialty. Specialties are 
then ranked by number of hours worked (Grumbach et al. 1995). For example, if a physician 
spends 30 hours a week in family practice and 15 hours a week in internal medicine, their 
primary specialty would be listed as family practice and their secondary specialty would be listed 
as internal medicine. For this study, physicians who list their primary specialty as family 
practitioner, general practitioner, or internal medicine will be considered primary care physicians 
(McLafferty et al. 2012). Several previous studies considered these specialties primary care and 
sometimes included pediatrics, geriatrics, gynecology, and/or obstetrics (Gaskin et al. 2012, 
Benarroch-Gampel et al. 2012, Chien et al. 2012, Wang et al. 2012). These doctors do provide 
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primary care, but specialize in a certain population. These specialties were excluded from this 
study in order to measure access for the whole population. 
 The Physician Masterfile also contains records of a physician’s addresses. A mailing 
address for each physician is included in the Physician Masterfile and an office address is 
provided for the majority of physicians. For this project, physicians will be geocoded by their 
supplied office address. If an office address is not provided, then the mailing address will be used 
to geocode the physician’s location. 
 Population and demographic data for this project come from the United States Census. A 
decennial census is required by the United States Constitution, and has been taken every ten 
years since 1790 (Decennial Census n.d.). The United States Census contains population data, as 
well as demographic data such as race, age, employment, and education. The United States 
Census is a vital part of political, economic, and social systems and is used extensively in both 
the public and private sectors in the United States (Waite and Reist 2005). Data are acquired 
from the Census Bureau’s data website, the American FactFinder. All data for the project are 
acquired at the census tract level. Census tracts are relatively permanent geographic entities with 
populations typically ranging between 2,500 and 8,000. Census tracts were to be as 
homogeneous as possible when first created with respect to population characteristics, economic 
status, and living conditions. (Geographic Areas Reference Manual, 10-1). All census tracts are 
located within a single county and their boundaries generally follow features that are both 
permanent and visible, such as roads or rivers (Geographic Areas Reference Manual, 10-5).  
 The decennial census is used to acquire 2000 socioeconomic and demographic data. 
Population estimates are used for 2004 and 2008. The 2010 Five Year American Community 
Survey is used to acquire demographic and socioeconomic data for 2008. This is because 
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demographic data from the 2010 United States Census was not available at the time of analysis. 
The American Community Survey is an ongoing survey, similar to the decennial census. It 
provides data every year and is released by the United States Census Bureau in one-year, three-
year, and five-year estimates. The American Community survey asks similar questions to the 
decennial census, as well as more detailed information about the population’s income, 
employment and other topics (About the American Community Survey n.d.). The American 
Community Survey does not survey the whole United States population; rather it takes sample 
surveys and uses these to create estimates. Therefore, some error is inherent in the data due to the 
use of samples in constructing the data. Five-year estimate data from 2010 are used in analyses 
in this project to reduce the impact of sampling error. The sampling interval of the five-year 
estimate is from 2006 to 2010, thus the estimates are centered on the year of interest, 2008. 
 Hospital location data come from the City of Chicago GIS Portal (Cook County – 
Hospitals 2011). This dataset is provided in a shapefile format which can be directly opened in a 
GIS. The dataset is accurate as of 2011 and contains information for 74 hospitals in Cook 
County. Four of these hospitals did not have street address data and were not geocoded. 
 
3.3 Methods 
3.3.1 Geocoding of Physician Data 
 
 The first step in this project was to select primary care physicians from the American 
Medical Association Physician Masterfile and geocode their locations. First, all physicians with a 
primary specialty of general practitioner, family practitioner, or internal medicine were selected 
from the years 2000, 2004, and 2008. The data from the Physician Masterfile come from an 
earlier project (McLafferty et al. 2012) which included physicians in six counties surrounding the 
Chicago metro area (Figure 2). Physicians were then geocoded using ESRI’s ArcGIS 10. 
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Physicians are never removed from the Masterfile, even in the case of retirement or death (AMA 
Physician Masterfile n.d.). All physicians reported as dead or inactive were removed for this 
project, as well as physicians who did not deal directly with patient care, such as researchers or 
administrators. 
 Automatic geocoding was performed using the 10.0 North America Geocode Service in 
ArcGIS. This service allows the geocoding of locations through input of street addresses (North 
American Address Locator 2012). Physician addresses from the Masterfile were imported into 
ArcGIS and geocoded through this service. However, some physicians were not matched due to 
an invalid address. This was usually due to a suite or apartment number in the physician’s street 
address, or a misspelling in the address. The geocoding process allows manual address re-
matching after automatic geocoding, and addresses were corrected if possible and located 
through this process. 
Initially, physicians were geocoded by the office address that was provided in the 
Physician Masterfile. However, some physicians had missing, incorrect or invalid office 
addresses that could not be geocoded. For these physicians, their mailing address was then used 
for geocoding. Using mailing addresses was avoided unless necessary because of the errors in 
geocoding that may be introduced (McLafferty et al. 2012). Several physicians provide hospital 
names in the Physician Masterfile for their addresses. The geocoding procedure in ArcGIS 
cannot locate features like hospitals because the procedure requires a street style address and a 
city name, state name, or zip code. For physicians who provided a hospital name, the address 
was located through the hospital’s website or an internet search engine. Some physicians 
ultimately could not be geocoded due to missing or invalid addresses such as P.O. Box 
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addresses; however, the percentage of unmatched addresses was quite low, ranging from 2.6 
percent to 0.8 percent (Table 2). 
Physicians in Cook County were selected once all physicians were geocoded. Physicians 
were selected using the Cook County boundary from the United States Census TIGER files and 
the clip feature in ArcGIS. This selects primary care physicians who are located in Cook County 
while removing those who are not (Table 2). 
 
3.3.2 Spatial Clustering Analyses 
Several analyses were performed to examine spatial clustering of primary care physicians 
in Cook County. The first of these is the L-function, which is useful for both measuring 
clustering and observing at what distances clustering occurs. The L-function works by travelling 
to each event, in this case primary care physician locations, and constructs a set of concentric 
circles at a defined distance. The cumulative number of events within each circle is then counted 
and this operation is performed at each event for each distance band (Bailey and Gatrell 1995, 
93). The number of events within each band is then plotted as a function of the distance value. L-
function analyses are performed in ArcGIS for the years 2000, 2004, and 2008 to see how 
clustering is changing throughout the years. Ten distance bands with 100 meter bandwidths were 
used for the analyses. Ripley’s edge correction formula was used to compensate for edge effects, 
which Yamada and Rogerson (2003) found to be most effective when compared to other edge 
correction techniques.  Monte Carlo simulation is also used in conjunction with L-function 
testing in order to observe the significance of clustering at various distances. This is also 
performed in ArcGIS and uses 99 replications of random point patterns. 
Kernel density estimation was used to examine where clusters of primary care physicians 
are forming. All kernel density estimation analyses were performed in ArcGIS. Kernel density 
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estimation is useful for helping to visualize and measure the density of discrete phenomena such 
as primary care physicians’ office locations, with the results characterizing service providers as a 
continuous spatial variable (Cromley and McLafferty 2012). The kernel density estimation 
method uses a floating window of a specific size or bandwidth. The window travels to each cell 
of the map and measures the number of points within the window’s area. A weighting formula is 
also used in calculations, so that points nearer to the center of the window will have a greater 
effect on the density value returned. In the resulting map, each cell on the created surface holds 
the estimated physician density at that point and creates an approximation to a continuous 
density surface. Selecting a bandwidth to use in kernel density estimation is a key decision that 
has a large impact on the final results. The bandwidth controls the level of generalization in the 
kernel estimation (Langford and Unwin 1994). A larger bandwidth results in a more generalized 
(smoother) surface that does not show much detail. On the contrary, a smaller bandwidth shows 
more detail, but might result in a map that is too spiky and leaves out more general trends. For 
this reason, two bandwidths were used in this project, a five kilometer bandwidth for a more 
general overview and a three kilometer bandwidth to show more detail. These bandwidth sizes 
were obtained from the output of the L-function (discussed in the Results section), by noting the 
distances at which spatial clustering of physicians in the study area is most different between 
years. Kernel density estimation was performed for each year in the study using both 
bandwidths. These kernel densities show where clustering of primary care physicians occurs, the 
intensity of clustering, and also the changes over time. 
Kernel density estimation for population was also performed in order to compute 
physician-to-population ratios. Population data from the United States census for 2000 at the 
census tract level were used. Population estimates from 2004 and 2008 were used for their 
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respective years. In order to perform kernel density estimation, population data must first be 
transformed into point level data. First, centroids of Cook County census tracts for the years 
2000 and 2010 were calculated in ArcGIS. Population data from the Census was then assigned to 
these tract centroids. Kernel density estimation, weighted by tract population, was then 
performed on these points in order to create a population density surface analogous to the 
physician density surface discussed above. The same three and five kilometer bandwidths as the 
physician kernel density estimation were used. Once physician and population kernel density 
estimations were complete, a physician to population ratio was constructed. This was done by 
dividing the physician density by the population density. The computation was performed in 
ArcGIS using the map algebra tool. This physician to population ratio calculation is an 
improvement over other analyses such as using buffers or computing ratios for fixed areal units 
based on aggregate numbers of population and physicians, because distance can be controlled for 
and the results are not constrained by artificial boundaries (Spencer and Angeles 2007). The 
method also allows results to be compared over many settings and areas of various sizes 
(Guagliardo et al. 2004). 
 
3.3.3.Regression Analyses  
 Previous analyses determined where primary care physicians are located in Cook County 
and analyzed the tendency towards spatial clustering. In the final section, regression analyses are 
used to examine the socioeconomic characteristics of the areas where primary care physicians 
are located. All regression analyses are done at the census tract level. The first regression 
analyses involved estimating ordinary least squares models, to examine the association between 
certain socioeconomic factors and physician supply. Primary care physician-to-population ratios 
based on kernel estimation were used as the dependent variable representing physician supply. In 
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order to run regression models at the census tract level, the primary care physician-to-population 
ratio had to be found for each census tract in Cook County. First, the centroid for each census 
tract in Cook County was found using ArcGIS. Then primary care physician-to-population levels 
were extracted to these centroids using the primary care physician-to-population ratios found 
from earlier analyses. ArcGIS also interpolates these values from adjacent cells when being 
assigned to the centroid. The ratio found through this extraction is then assigned to the census 
tract for use in the regression analyses.  
Two ordinary least squares regression models were constructed. The first used primary 
care physician-to-population ratios as the dependent variable, and median income as the 
independent variable. The second model again used physician-to-population ratios as the 
dependent variable, and median income, the percentage of the population employed and the 
percentage of minority population in a tract as the independent variables. Median income was 
chosen to represent the economic status of a census tract. Employment percentage was also used 
as a measurement of economic status, and as an approximation to the population covered by 
health insurance. Many employers offer some kind of health insurance plan to their employees, 
so the employment percentage variable was chosen to represent the proportion of population 
with health insurance due to the fact that health insurance coverage data from the U.S. Census 
was not available. However, this variable is only an approximation of health insurance coverage, 
because many employed people may not have health insurance, and some of the population that 
are unemployed may be covered through a spouse or family member or through government 
programs such as Medicaid and Medicare. The percentage of minority population variable was 
chosen as a summary of the demographics of a census tract to see if primary care physicians are 
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avoiding areas of large minority populations. These models were run with data from two years, 
2000 and 2008. 
 The problem with ordinary linear regression models is that they assume spatial 
stationarity of the regression model. This means that it is assumed the relationships between the 
variables remain constant over geographical space (Comber et al. 2011). This represents a 
problem when the study area is heterogeneous or when we anticipate that the relationships might 
vary over space for theoretical or empirical reasons.  In this study, Cook County is both 
socioeconomically and geographically heterogeneous, suggesting that the associations between 
physician supply and socioeconomic conditions might vary across the study area. In order to 
account for this, geographically weighted regression models were used. Geographically weighted 
regression models are local regression models and are spatial disaggregations of global models, 
meaning that the results are specific to each location (Comber et al. 2011). Since these are local 
models, it is important to define what is “local”. Sometimes a bandwidth is used, and all 
locations that fall within the bandwidth are included in the model. Another technique is to select 
a certain number of neighboring locations to include in the model. For analyses in this paper, a 
selection of 30 neighbors is used. This means that a regression analysis is performed at each 
census tract, using data for the 30 nearest neighboring tracts in the model. An advantage of using 
a set number of neighbors is that every model will be based on the same number of observations, 
and this will reduce edge effects that may appear when using a bandwidth selection. Also, 
because tracts vary in size within Cook County, using a fixed bandwidth would result in very 
different numbers of observations in local geographically weighted regression models.   
Geographically weighted regression was performed for 2000 and 2008 using the factors 
that ordinary least squares found to be most statistically significant: median income and 
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percentage of the population employed. The models were run separately for each of these 
independent variables for ease of interpretation and clarity of results. 
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Figure 1. Counties of Illinois. Cook County is highlighted in blue. 
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Figure 2. Cook County and neighboring counties. 
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Table 2. Primary care physicians in the study. 
Year 
Total 
PCPs Geocoded Not Geocoded Percent Geocoded 
In Cook 
County 
2000 7543 7439 104 98.62% 5783 
2004 8117 7906 211 97.40% 6117 
2008 8287 8222 65 99.22% 6219 
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CHAPTER 4 
 
RESULTS 
 
 This chapter contains results from analyses of the location of primary care physicians. To 
evaluate changes in physician locations and spatial clustering, L-function results from 2000, 
2004 and 2008, and kernel density estimations from the same years are discussed. Kernel density 
estimations for primary care physicians and population are then combined to produce primary 
care physician-to-population ratios. These are followed by results from regression analyses from 
the years 2000 and 2008. 
 Primary care physicians became more abundant in Cook County during the study period.  
The number of primary care physicians in Cook County increased each year of the study. There 
were 5783 primary care physicians in Cook County in 2000, 6117 primary care physicians in 
2004, and 6219 primary care physicians in 2008. Although the number of primary care 
physicians grew, the population of Cook County decreased slightly in each year of the study. 
Cook County had a population of 5,376,741 in 2000, an estimated population of 5,316,484 in 
2004, and an estimated population of 5,257,047 in 2008. Thus, overall the ratio of primary care 
physicians to population grew from 2000 to 2008. 
 
4.1 L-function 
 
 L-function analyses were run for 2000, 2004, and 2008 to assess the clustering of primary 
care physicians at various distances (Figure 3). The L-function values increased each year, most 
notably between one-half to two kilometers. This shows that clustering has increased over the 
years within these distances. Values in the distance range of three to four kilometers were stable 
between the years with little change, whereas a significant difference between the years was seen 
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at the four and one half to five kilometer range. A larger increase in clustering was seen between 
2000 and 2004 when compared to the change between 2004 and 2008. 
Monte Carlo testing was also utilized to test the statistical significance of clustering in 
each year. Ninety-nine Monte Carlo replications were performed and L-functions were estimated 
for these random point patterns to create a significance envelope.  All three years showed similar 
results. The results for each year were much higher than the confidence envelopes, indicating 
that it is extremely likely that the clustering found is not due to random chance (Figures 4, 5, and 
6).  
The results of the L-function were then used to choose bandwidths for kernel density 
estimation. Initially distances were chosen based on distances that showed the maximal 
difference in clustering between the years. This resulted in the selection of bandwidths of one 
kilometer and five kilometer. However, results of the one kilometer bandwidth kernel density 
estimation produced maps that were too spiky. A different approach was then used, and a 
bandwidth of three kilometers was chosen due to results of the L-function showing similar values 
between the three years. This bandwidth was chosen to see if kernel density estimation could 
show changes in clustering that the results of the L-function did not. 
 
4.2 Kernel Density Estimation 
 
 Kernel density estimation was used to show geographic variation in physician supply and 
to locate clusters of primary care physicians. These analyses transform the primary care 
physician point data into a smooth continuous surface. Bandwidths of three kilometers and five 
kilometers were used for each of the three years. 
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4.2.1 Five Kilometer Bandwidth 
 
 The first kernel density estimation analyses used a five kilometer bandwidth to show 
more general trends. Densities of primary care physicians change along a gradient with areas of 
high primary care physician density in dark blue and areas of lower density in light blue. The 
density values represent the number of physicians per square kilometer. All kernel density 
estimation maps use the same scale for density so the maps can be compared.  
 Results for the year 2000 show the most intense cluster of primary care physicians in the 
downtown Chicago area, with a secondary cluster located to the west of Chicago (Figure 7). 
Several minor clusters are located north of the city and two are located to the south. Primary care 
physician density decreases moving from the urban downtown Chicago area to the surrounding 
suburban areas, with the lowest density values in the far suburbs south and northwest of Cook 
County. 
 The most intense cluster of primary care physicians is again located in the downtown 
Chicago area in 2004 (Figure 8). However, in 2004 this cluster became more intense and also 
more compact, meaning primary care physicians are concentrating in this area. In 2000, this 
downtown cluster appeared to have roughly the same density throughout. In 2004, the southern 
part of the downtown cluster became more concentrated while the northern part became less 
dense. A secondary cluster again appears west of Chicago, and several minor clusters are located 
north and south of the city. The lowest densities of primary care physicians are located in the far 
suburban areas of the county. 
 When compared to 2004, the densities of primary care physicians in 2008 look almost 
identical (Figure 9). The only striking difference is that the density of primary care physicians 
has increased in the downtown Chicago cluster, meaning the concentration of primary care 
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physicians in this area is increasing. Similar to the previous years, density is low in the suburban 
areas of the county, showing that these areas of low physician density have experienced little 
improvement over the time period.  
 A change map was produced by subtracting the 2000 kernel density results from the 2008 
results (Figure 10). Areas with relatively little change over the eight years are shown in light 
colors, areas that experienced an increase in the density of primary care physicians are shown in 
blue, and areas that experienced a decrease in the density of primary care physicians are shown 
in red. The outer portions of Cook County experienced little change in primary care physician 
density over the eight year period, showing that the density of primary care physicians in these 
areas has remained relatively stable. Areas with the highest increase in density are located in the 
downtown Chicago area suggesting that existing primary care physicians are moving to this area 
and/or new physicians are locating in this area. Several smaller areas west of the city also had 
increases in the density of primary care physicians over the eight year period. The areas with the 
largest decrease in primary care physician density are north of downtown Chicago and 
immediately west of the city, indicating that primary care physicians are moving away from 
these locations. The decrease in density north of downtown Chicago may be attributed to several 
hospital closings that occurred in or near this area during the time period. Between 2000 and 
2008, four hospitals closed in the area north of downtown Chicago: Advocate Ravenswood 
Medical Center, Columbus Hospital, Edgewater Medical Center, and Lincoln Park Hospital 
(Hospital Closures in Illinois 2012). Primary care physicians who practiced in or near these 
hospitals, or were affiliated with them, may have relocated to other places. 
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4.2.2 Three Kilometer Bandwidth 
 
 The second kernel density estimations used a three kilometer bandwidth in order to show 
more detail. Kernel density estimation results for 2000 show the most intense clusters in the 
downtown Chicago region (Figure 11). The three most intense clusters are located in this 
downtown area, and smaller clusters are located on the periphery of the downtown area. The 
density of primary care physicians decreases away from the city, with the lowest values in the 
northwest and south suburban areas of Cook County. 
 A similar pattern is seen in primary care physician density in 2004 (Figure 12). Three 
main clusters appear in downtown Chicago, with the most southern of the three clusters 
intensifying compared to 2000, meaning more primary care physicians are locating in this area 
than in 2004. Similar to 2000, the density of primary care physicians decreases outside of the city 
with the lowest areas located in the northwest and south of the county. Several minor clusters 
appear north of the downtown area, becoming more concentrated when compared to 2000. 
Clusters of primary care physicians appear to be more pronounced than in 2000. Three fairly 
equally dense clusters were located in the downtown Chicago area in 2000, with an area of 
evenly spread higher densities to the north. In 2004, the most southern of the downtown clusters 
became more intense while the other two remained at the same density as 2000. The clusters 
north of the city became more pronounced as well, with the clusters gaining primary care 
physicians and the area becoming more uneven in the distribution of primary care physicians. 
 Primary care physician density in 2008 looks much the same as 2004 (Figure 13). Areas 
of low primary care physician density are seen in the south and northwest of Cook County. The 
only difference is that several clusters intensified which signals that existing primary care 
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physicians are moving to areas of higher densities, or that new primary care physicians are 
choosing to locate in areas of high physician density. 
 The highest primary care physician densities are generally found near groups of hospitals, 
indicating the strong geographical ties between physicians and hospitals (Figure 14). A majority 
of Cook County hospitals are located in and around downtown Chicago and this is also the area 
of highest primary care physician density. The densest cluster of primary care physicians in 
Chicago is also the location of four hospitals, and there are several other hospitals surrounding it. 
 A map for the three kilometer kernel density results was created to display the change 
from 2000 to 2008 (Figure 15). Areas that experienced an increase in primary care physician 
density are shown in blue, while areas that had a decrease in density are shown in red. The area 
with the largest increase of primary care physician density over the eight years was located in the 
downtown Chicago area. Several other smaller pockets also experienced an increase in primary 
care physician density. The area with the largest decrease in density was located north of the city, 
an area with several hospital closings during the study period, while a smaller area west of 
Chicago also had a large decrease.  
 Cook County experienced an increase in the number of primary care physicians over the 
eight year study period, so density of primary care physicians increased as well. Overall, the 
kernel density estimation results showed several trends. The area with the highest increase in 
primary care density was in downtown Chicago. This is a relatively affluent area compared to the 
rest of the county, and it is an area of rapid gentrification. The area that experienced the highest 
decrease in primary care physicians was located directly to the north of the downtown Chicago 
area. The outer suburban areas of the county showed little change in the density of primary care 
physicians over the time period. 
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 Kernel density estimation consistently showed that the highest concentration of primary 
care physicians was located in the urban areas in and around Chicago. The density of primary 
care physicians decreases moving outward from the urban city areas and reaches its lowest 
density in the outer suburban areas of the county. However, this does not necessarily mean that 
these outer suburban areas are being underserved by primary care physicians. Population density 
in Cook County generally follows the same pattern as primary care physician density. The 
highest population densities are located in Chicago, and population density decreases farther out 
from the city. This means that these outer suburban areas do not need as many primary care 
physicians as the urban areas to adequately serve the local population. The next section examines 
the spatial distribution of physicians in relation to population based on kernel ratios 
 
4.3 Physician-to-Population Ratios 
 
 The highest physician-to-population ratios are found in Chicago and directly to the west 
of the city in the year 2000 (Figure 16). The area to the north of the city also has high ratios, and 
there are also several small pockets of higher ratios throughout the county. The area of lowest 
physician-to-population ratio is located in the southeast, a low income area, as well as other 
small areas throughout Cook County. There is a clear north-south gradient in the ratios, with 
higher values generally north of downtown Chicago and low values on the south side.  
 Physician-to-population ratios for 2004 continue to show the same spatial distribution 
(Figure 17). Low ratios are again found in the southeast of the county. Higher physician-to-
population ratios are found in the city and directly west of it. An area of high ratios is also 
located north of Chicago. Other pockets of high ratios are scattered about the county. Comparing 
results from 2004 with 2000 shows that the unevenness of physician-to-population ratios had not 
improved over the four year period. The low ratios in the low income southeast region of Cook 
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County remained, while the more affluent downtown Chicago area retained its high levels of 
primary care physician-to-population ratios. 
 Results from 2008 are similar to the previous two analyses (Figure 18). The area of high 
physician-to-population ratio in Chicago has grown slightly. The area of high physician-to-
population ratio west of the city is still present. The area of lowest ratios is again located in the 
southeast of the county. The ratio maps over the eight year period indicate that the spatial 
distribution of primary care physician-to-population ratios did not change much. Areas of high 
physician-to-population ratios remained high, such as the downtown Chicago area. Likewise, 
areas of low spatial accessibility did not improve much, as in the southeast corner of Cook 
County. This shows that while the numbers of primary care physicians increased in Cook County 
over the eight year period, this increase did not help to improve areas of relatively low spatial 
access to primary care physicians. 
 Physician-to-population ratios were also compared to the locations of hospitals in Cook 
County (Figure 19). The primary care physician-to-population ratios on this map were created 
from three kilometer kernel density estimations. Areas of high primary care physician-to-
population ratios are usually found in areas with hospitals nearby, reflecting the large local 
concentrations of physicians. The areas of highest primary care physician-to-population ratios 
are found in the downtown Chicago area and a cluster directly to the west. These areas are also 
where the majority of hospitals are found in Cook County. Another example of ratios being 
higher near hospitals is seen in the northwest of the county. Most of this area has a low primary 
care physician-to-population ratio, except for a cluster of high values which is found near two 
local hospitals. 
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 To help better visualize the changes in physician-to-population ratios over the study 
period, a change map was produced by subtracting results for 2000 from those for 2008 (Figure 
20). Areas that experienced a decrease in physician-to-population ratios are shown in red, and 
areas that experienced an increase are shown in blue. The area with the greatest increase over the 
eight years is found in the downtown Chicago area. Other areas of increase are found in the 
northwest and southwest of Cook County. Few places in the county experienced a major 
decrease in physician-to-population ratios, but some areas are found north of downtown Chicago 
and also in the western region of the county. As mentioned earlier, the decrease in ratio north of 
downtown may be the result of several local hospital closings. This change map indicates 
significant geographical stability in primary-care-physician to population ratios. The area with 
the most significant improvement was the downtown Chicago region, an area that had a 
relatively high primary care physician-to-population ratio to begin with. This is also an area of 
high income. The southeast area of Cook County had the lowest values in 2000, but did not show 
a positive change in physician-to-population ratios. This area is also where the lowest incomes 
and highest poverty rates in Cook County are found. This suggests that new primary care 
physicians are not locating in areas of most need. Results also seem to indicate that primary care 
physician-to-population ratios are often low in lower income areas, suggesting a shortage of 
physicians in these economically disadvantaged areas. Regression models were used to examine 
this trend closer.  
 
4.4 Regression Models 
 
 Regression analyses were used to compare primary care physician supply in census tracts 
to socioeconomic characteristics of the population. Two different types of regression analyses 
were used in this project, ordinary least squares regression, and geographically weighted 
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regression. Ordinary least squares regression was used to analyze the overall associations 
between socioeconomic disparities and inequalities in spatial access to primary care as measured 
by the physician to population ratio. The first model focused only on the relationship between 
median income and primary care physician-to-population ratio at the tract level. The second 
model included two additional socioeconomic independent variables: minority population 
percentage and percentage of the population employed. Since data used in this project are spatial 
data, a geographically weighted regression was used to help account for the spatial 
autocorrelation in the data and to model spatially-varying relationships. 
 
4.4.1 Ordinary Least Squares Regression 
 
 For the model containing income as the only independent variable, results from 2000 
show that the median income of a census tract has a significant positive association with primary 
care physician-to-population ratios (Table 4). This indicates that the availability of physicians in 
relation to population is higher in high-income communities than in low-income communities, a 
sign of socioeconomic inequality in primary care access.  However the R
2 
of the model is very 
low, indicating that there are other variables that may influence primary care physician-to-
population ratios. 
 Results are similar for 2008 (Table 5). Again, the median income of a census tract has a 
positive association with the primary care physician-to-population ratio of a tract, however this 
association is slightly less in 2008 than it was in 2000), although still statistically significant. The 
R
2 
in this model is again very low, indicating that there are missing variables in the model. Both 
the 2000 and 2008 models indicate that primary care physician supplies are higher in areas with 
higher median income. 
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 The expanded model using median income, percentage of the working age population 
(>16 years) employed in a tract, and percent minority population in a tract as independent 
variables offers somewhat different results. For the 2000 model, employment percentage was the 
only variable found to have a statistically significant coefficient (Table 6). Employment 
percentage has a positive relationship with primary care physician-to-population ratios. The R
2 
of 
this model was low, but was the strongest out of the four ordinary least squares models. 
 Both median income and employment percentages had a significant positive relationship 
with primary care physician supply in 2008 (Table 7). These models indicate that employment 
percentage is significantly and positively associated with primary care physician supply at the 
census tract level. This indicates that primary care physician supply is greater in areas of high 
employment, and that areas of low employment have a lower supply of primary care physicians. 
This may indicate socioeconomic inequalities in primary care physician accessibility. Median 
income was also found to significantly affect primary care physician-to-population ratios, but 
only in 2008, suggesting that this relationship may vary over time. This indicates that there may 
be inequalities in primary care physician access between areas of high and low median income, 
but these inequalities may change over time. The R
2 
also dropped from 2000, again suggesting 
that relationships between these variables and primary care physician supply changed over time. 
 The R
2
 of the models presented here are very low. Carpenter and Neun (1999) found that 
many factors influence the location decisions of young primary care physicians such as a strong 
academic presence, cost of living, and low crime, poverty, and taxes. They also found that young 
primary care physicians are drawn to areas with a large number of practicing primary care 
physicians, a large number of hospital beds, and larger young and old populations. While income 
and employment were found to have a significant relationship with primary care physician ratios, 
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it is clear that many other factors are missing due to the low R
2 
of the model. However, low R
2 
values are not unusual in analyses of the relationships between socioeconomic conditions and 
healthcare access that are based on large sample sizes, as is the case in this project. 
 
4.4.2 Geographically Weighted Regression 
 Although the global regression models show socioeconomic inequalities in access to 
primary care physicians, it is likely that these inequalities vary across the study area based on 
local contexts.  Geographically weighted regression (GWR) was used to explore and map these 
relationships. GWR was run separately for the two independent variables – median income and 
percent employment for 2000 and 2008. Minority percentage was not used as an independent 
variable because it was not a statistically significant predictor of primary care physician-to-
population ratios in the previous global models.  
 
4.4.2.1 GWR Results for 2000 
 
 The predictive power of median income to primary care physician-to-population ratios 
varies throughout Cook County in 2000 (Figure 21). High R
2 
values are seen in two patches, one 
in the south of the county running north-south, and one in the northern part of the county, 
running east-west. An area of high values also exists in the northwest corner of Cook County. 
Low R
2 
values are found mostly in the northern part of the county, as well as the southeast and 
southwest. The R
2 
of the model varies quite a bit in the downtown Chicago area. The results of 
this model show that correlations between median income and primary care physician supply 
vary throughout the county. 
 The coefficients of the median income model also vary throughout Cook County (Figure 
22). Positive coefficients generally are found in the same areas which have high R
2 
values, such 
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as the patches seen in the southern and northern parts of the county. Coefficients vary between 
positive and negative in the downtown Chicago region. This is most likely due to local variation 
in median income levels, with low and high-income groups living close nearby, as the primary 
care physician supply is quite high throughout the area. 
 The fit of the employment percentage model does not show any spatial trends (Figure 
23). Clusters of high R
2 
values are scattered throughout the county, mostly on the periphery of 
the downtown Chicago area, while the downtown area itself has low values. Clusters of low R
2
 
values are also seen in the northwest and southwest corners of Cook County. Employment 
percentage was found in the previous models to have a significant correlation with primary care 
physician supply, but the geographically weighted models show that this relationship varies by 
location.  
 The relationship between employment and physician supply also varies throughout the 
area in clusters (Figure 24). Areas of positive coefficient values are found in two clusters in the 
west of the county, and one to the north. A cluster of positive coefficients also exists in the 
downtown area. Tracts with negative coefficients are scattered about the county, with the largest 
cluster seen in the south of Cook County. While the previous ordinary least squares model found 
that employment has a significant positive correlation with primary care physician supply, the  
GWR results indicate this does not hold true throughout the whole county. 
 
4.4.2.2 GWR Results for 2008 
 Geographically weighted regression models were also calculated for 2008. The R
2
 map 
for income in 2008 looks similar to the 2000 map (Figure 25). There is an area of high values in 
the south again, as well as a patch running east-west in the north, although it is not as prominent 
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as 2000. There also some clusters of high R
2 
in the north and southeast of the county. Similar to 
2000, the R
2
of the model varies in the downtown Chicago area. 
 The coefficients for the 2008 income model again vary in downtown Chicago, most 
likely due to income variations as the primary care physician supply is high throughout that area 
(Figure 26). Areas of positive coefficient values are located in the south of the county, as well as 
a cluster in northern part of the county. Two clusters of negative correlation are seen, one near 
the south side of Chicago, and one in the west of Cook County. The ordinary least squares model 
found income to have a significant positive association with primary care physician-to-
population ratios, but the geographically weighted regression model shows that this relationship 
varies in different areas of the county. 
 The predictive power of employment to physician supply again varies in 2008 (Figure 
27). However, areas with higher R
2 
values seem to be smaller than in 2000. The highest R
2 
values 
are found in small areas in the downtown area and the south. Other small pockets of higher 
values are found throughout the county, though much of it has fairly low R
2 
values. This suggests 
that the income gradients in spatial access to primary care physicians diminished during the 
2000s. 
 The ordinary least squares models indicated that the positive association between 
employment and primary care physician supply fell between 2000 and 2008, although it 
remained positive. This is also seen in geographically weighted regression results (Figure 28). 
Several large areas of negative coefficient values are present, particularly in the west and north 
of the county, and the south side of Chicago. Compared to 2000, the cluster in the west changed 
from a positive coefficient value to a negative one, and there are several new areas of negative 
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coefficients. Small pockets of positive values are seen in the south of Cook County and around 
the south side Chicago area. 
 Geographically weighted regression showed how relationships between primary care 
physicians and socioeconomic characteristics varied spatially throughout the county and how 
these relationships changed over time. One example is the employment percentage coefficients, 
which changed from having large clusters of positive correlations in 2000 to mostly negative 
clusters in 2008. Results indicate that areas of high socioeconomic value (high incomes and high 
employment percentages) generally result in higher primary care physician supply, but that this 
is not found in the entire county. 
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Figure 3. L-function for 2000, 2004, and 2008. 
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Figure 4. L-function for 2000 with confidence envelope. 
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Figure 5. L-function for 2004 with confidence envelope. 
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Figure 6. L-function for 2008 with confidence envelope. 
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Figure 7. Kernel density estimation for 2000 using a five kilometer bandwidth.
  
  
55 
 
Figure 8. Kernel density estimation for 2004 using a five kilometer bandwidth.
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Figure 9. Kernel density estimation for 2008 using a five kilometer bandwidth.
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Figure 10. Change in primary care physician density from 2000 to 2008, 5 kilometer bandwidth.
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Figure 11. Kernel density estimation for 2000 using a three kilometer bandwidth.
 
 
 
  
59 
 
Figure 12. Kernel density estimation for 2004 using a three kilometer bandwidth.
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Figure 13. Kernel density estimation for 2008 using a three kilometer bandwidth.
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Figure 14. Hospital locations in Cook County in relation to the 3 kilometer kernel density estimation map for 
2008. 
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Figure 15. Change in primary care physician density from 2000 to 2008, based on a 3 kilometer bandwidth.
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Figure 16. Primary care physician to population ratio for 2000. Produced using kernel density estimation 
with a 5 kilometer bandwidth.
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Figure 17. Primary care physician to population ratio for 2004. Produced using kernel density estimation 
with a 5 kilometer bandwidth. 
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Figure 18. Primary care physician to population ratio for 2008.Produced using kernel density estimation with 
a 5 kilometer bandwidth. 
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Figure 19. Hospital locations in Cook County in relation to the 3 kilometer physician-to-population ratio map 
for 2008. 
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Figure 20. Primary care physician to population ratio change from 2000 to 2008. Produced using kernel 
density estimation with a 5 kilometer bandwidth. 
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Table 4. Ordinary least squares regression from 2000; median income model. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 5. Ordinary least squares regression from 2008; median income model. 
 
  
2000 Ordinary Least Squares Regression 
Variable Coefficient Standard Error t Statistic p-value 
Intercept 0.9190695 0.0637025 14.4275337 0.0000000 
Median Income 0.0000062 0.0000013 4.7819264 0.0000030 
     
Model Statistics     
Adjusted R
2
 0.0167662    
Joint P-Value 0.0000019    
2008 Ordinary Least Squares Regression 
Variable Coefficient Standard Error t Statistic p-value 
Intercept 0.9751564 0.0778182 12.5312186 0.0000000 
Median Income 0.0000056 0.0000013 4.4398248 0.0000126 
     
Model Statistics     
Adjusted R
2
 0.0140090    
Joint P-Value 0.0000098    
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Table 6. Ordinary least squares regression from 2000; multiple variable model. 
 
 
 
 
 
 
 
 
 
Table 7. Ordinary least squares regression from 2008; multiple variable model. 
 
 
 
 
 
 
 
 
 
2000 Ordinary Least Squares Regression 
Variable Coefficient Standard Error t Statistic p-value 
Intercept 0.1779063 0.1878286 0.9471739 0.3437071 
Median Income -0.0000001 0.0000018 -0.0549982 0.9561334 
Employment % 0.0169861 0.0027229 6.2381274 0.0000000 
Minority 
Population % -0.0004039 0.0010605 -0.3809026 0.7033509 
     
Model Statistics     
Adjusted R
2
 0.0463950    
Joint P-Value 0.0000000    
2008 Ordinary Least Squares Regression 
Variable Coefficient Standard Error t Statistic p-value 
Intercept 0.2962668 0.2783101 1.0645206 0.2872799 
Median Income 0.0000038 0.0000017 2.3041979 0.0213511 
Employment % 0.0117617 0.0035569 3.3066919 0.0009854 
Minority 
Population % 0.0000682 0.0014423 0.0472827 0.9622814 
     
Model Statistics     
Adjusted R
2
 0.0211354    
Joint P-Value 0.0000008    
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Figure 21. Local R
2
 from the 2000 geographically weighted regression; median income model. 
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Figure 22. Local coefficients from the 2000 geographically weighted regression; median income model. 
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Figure 23. Local R
2
 from the 2000 geographically weighted regression; employment model. 
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Figure 24. Local coefficients from the 2000 geographically weighted regression; employment model. 
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Figure 25. Local R
2
 from 2008 geographically weighted regression; median income model. 
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Figure 26. Local coefficients from 2008 geographically weighted regression; income model. 
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Figure 27. Local R
2
 from 2008 geographically weighted regression; employment model.
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Figure 28. Local coefficients from 2008 geographically weighted regression; employment model. 
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CHAPTER 5 
 
CONCLUSIONS 
 
5.1 General Findings  
The landscape of primary care physicians in Cook County experienced changes over the eight 
year study period. The L- function results showed that there was significant clustering of primary 
care physicians in each year and that clustering increased each year of the study. L-function 
analysis also found that the clustering of primary care physicians increased the most within 500 
meters to 2 kilometers, indicating that primary care physicians are increasingly locating within 
close distances to other primary care physicians. Primary care physicians who are moving to 
hospitals, office parks, and group practices may be contributing to this increase in clustering. 
Kernel density estimation revealed that the area of most intense clustering was the downtown 
Chicago area, and that the density of primary care physicians decreased moving out of the urban 
Chicago area and into the suburbs. In and near downtown Chicago, there are many hospitals and 
other health care facilities, and these facilities may be drawing primary care physicians to locate 
nearby. Population densities are also high in the urban Chicago area, which means that more 
physicians are needed to serve the population.  
One of the main findings is that the spatial clustering of primary care physicians in 
downtown Chicago increased over the study period. This suggests that primary care physicians 
are moving to locations that already have high supplies of primary care physicians, which is 
similar to the findings of Carpenter and Neun (1999).  These authors found that young primary 
care physicians tend to locate in areas with a high number of existing primary care physicians 
and high numbers of hospital beds. These locations provide good access to medical services and 
colleagues, providing a favorable work environment for many young primary care physicians. 
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Carpenter and Neun also found that young primary care physicians were drawn to areas with a 
high academic presence. Chicago has a large number of hospitals and many teaching hospitals 
such as the University of Chicago, University of Illinois, Northwestern, and Rush, which are 
possibly contributing to the clustering of primary care physicians nearby.  Clustering of primary 
care physicians can, but does not necessarily, lead to inequalities in spatial access. It is expected 
that areas of high population will have an increased number of primary care physicians, and 
areas of low population will not need as many. Physician-to-population ratios were used to see if 
this is actually happening in Cook County. 
 Primary care physician-to-population ratios illustrated the uneven spatial accessibility of 
primary care physicians in Cook County. The average primary care physician-to-population ratio 
was 1.19 per 1,000 when calculated at the census tract level in 2000. This ratio improved to 1.28 
in 2008. However, the ratios of primary care physicians to the population varied throughout 
Cook County. High primary care physician-to-population ratios were found in the downtown 
Chicago area, which is an area of high median income. The lowest primary care physician-to-
population ratios were found in the southeast of the county, where the lowest median income 
levels in Cook County are found. Areas of traditionally low income such as Englewood, Chicago 
Heights, and the south side of Chicago are located in this southeast area of Cook County.  The 
results of this study show that people living in these neighborhoods often face a shortage of 
primary care physicians nearby.  
 It was also revealed that downtown Chicago experienced the greatest increase in primary 
care physician-to-population ratios over the study period, whereas the area of lowest ratios in the 
southeast did not improve. This suggests that new or moving primary care physicians are not 
locating in the areas of lowest supply, but are being drawn to areas that already contain a high 
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concentration of existing primary care physicians. This can have detrimental effects to spatial 
accessibility if primary care physicians continue to locate in areas of high existing supply, as 
numbers in underserved areas will not improve. An area north of the city also experienced a 
major decrease in primary care physician-to-population ratios. This is most likely due to several 
hospitals closing in the area over the study period. 
 Linear regression models compared primary care physician supply to the demographics 
of census tracts. Ordinary least squares models showed that primary care physician-to-population 
ratios were significantly related to median income and employment percentage. This indicates 
that primary care physicians are being drawn to areas with more affluent populations. This is 
similar to the findings of a national level study by Matsumoto et al. (2010) who found that the 
proportion of physicians who worked in the lowest income counties was substantially less than 
the proportion working in the highest income counties. However, the low R
2
 values of the 
models indicate that a great deal of variation in physician to population ratios is not related to 
these socioeconomic variables at a global level. Income and employment percentage are 
significantly related to primary care physician locations, but other factors clearly influence where 
primary care physicians are locating. Geographically weighted regression models showed that 
while primary care physician supply was generally positively correlated with median income and 
employment, these relationships varied throughout the county.   In some cases the local 
relationships reflect historical and socioeconomic processes that affect both physician supply and 
the geographies of income groups.  For example, some large medical complexes such as the 
Rush and University of Illinois Hospital complexes, are located in low-income areas.  These 
medical complexes both employ and attract large numbers of primary care physicians, resulting 
in good spatial access for the low-income population that lives nearby.  In these places, a 
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negative relationship between income and physician to population ratios was observed.  
However, in other low-income areas like southeastern Cook County, the lack of medical 
facilities and primary care physicians resulted in a positive association between income and 
physician to population ratio. 
 
5.2 Limitations of the Study 
 
 This study primarily focused on the spatial accessibility of primary care physicians. 
While important, this does not address the full aspect of “access”. Penchansky and Thomas 
(1981) define access to health care in five specific dimensions: availability, accessibility, 
accommodation, affordability, and acceptability. Two aspects were addressed in this study: the 
availability and accessibility to primary care physicians in Cook County. However, the 
transportation aspect of accessibility was not examined. A physician located a mile away is very 
different for a car owner versus someone who has to use public transportation or walk. This can 
be especially problematic in low income areas. The south side of Chicago is an area of low 
primary care physician-to-population ratios, and is also generally one of the poorest areas in the 
county, so residents here are less likely to own a car. The low primary care physician ratio 
combined with low car ownership may make getting to a primary care physician even more 
difficult. Future analyses could examine the rate of car ownership in various census tracts in 
comparison to the supply of nearby primary care physicians. Qualitative interviews can also 
interrogate how people access health care and how their choices are constrained by the 
transportation modes available to them. 
 The three non-spatial dimensions: accommodation, affordability, and acceptability, are 
also very important aspects to measuring accessibility. A person may have spatial access to a 
physician, but this person may not be able to be accommodated by the physician. An example of 
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this would be someone who speaks a different language than the physician does, or someone 
who is not able to visit the physician during the hours their office is open. Affordability is also 
very important, as even someone who lives very close to a physician cannot “access” them if 
they cannot afford their services. The acceptability dimension accounts for how acceptable it is 
for the patient to access the physician, due to cultural, social or other reasons. For example, in 
some cultures it may be inappropriate for a female to visit a male physician, or vice versa. These 
aspects have a large impact on access to physicians and cane be accounted for in more qualitative 
studies, such as the one presented by Ahmed et al. (2001). 
 There are also some limitations to the data used in the study. The American Medical 
Association’s Physician Masterfile is one of the most comprehensive databases of physicians in 
the United States; however, it has some weaknesses. The Masterfile is only released on an annual 
basis, which can result in reporting lags. Physicians are cycled through and only surveyed every 
three years, which can also cause reporting lags in the data (Rittenhouse et al. 2004). Reporting 
lags in this study were attempted to be controlled by using four year periods for analysis (2000, 
2004, and 2008).The American Community Survey from the United States Census must also be 
used with care. The Census Bureau constructs estimates from continuous surveys, and some 
error is inherent in the data due to sampling. For this project, five-year estimates from 2006-2010 
are used in analyses for 2008 to maximize sample size and reduce sampling error.   
 The ordinary least squares models had fairly low R
2
, indicating that these models did not 
predict much of the variation found in primary care physician-to-population ratios. However, low 
R
2 
values are not uncommon in models with large sample sizes. While not explaining much of 
the variation, these models did find significant relationships between primary care physician-to-
population ratios and employment percentages in 2000 and 2008 and median income in 2008, 
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indicating that economic disadvantage is often associated with poor spatial access to primary 
care physicians. 
  
5.3 Policy Change 
 
 Findings from this study could have implications for public health policy in the future for 
Cook County. On the whole, it appears that access to primary care physicians improved over the 
eight year study period. The total number of primary care physicians increased each year over 
the study, and primary care physician-to-population ratios also improved. However, the only area 
with major improvement in primary care physician ratio was the downtown Chicago area. Based 
on the regression analyses, it is also clear that primary care physicians are being attracted to 
areas of high income and high employment, which may be contributing to uneven spatial access 
to primary care physicians. Future policy changes for Cook County and the city of Chicago 
should focus on enticing primary care physicians to locate in the areas of greatest need rather 
than the areas of higher income and employment, which usually already have an adequate supply 
of primary care physicians. Tax or other monetary incentives could be given to primary care 
physicians who locate in areas with low primary care physician-to-population ratios, similar to 
the Medicare bonus paid to physicians who work in a Health Professional Shortage Area 
(HPSA). All physicians who work in an HPSA are eligible for an additional ten percent which is 
added to the revenues they earn from Medicare. The Patient Protection and Affordable Care Act 
introduced in 2010 also included an additional ten percent bonus for primary care physicians 
who practice in HPSAs (Medicare Bonus n.d.). A similar incentive in Cook County, combined 
with the Medicare bonus, could help bring primary care physicians to the underserved areas in 
Chicago. Increasing the number of internships and residencies available in these low supply 
areas may also entice primary care physicians to return to the area after they finish medical 
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school. There should also be focus on equally distributing primary care physician supply in the 
county; bringing more primary care physicians into the suburban outer peripheries of the county 
from the downtown Chicago area and enticing new primary care physicians to locate outside of 
the city. Again tax incentives similar to the Medicare bonus could be used to draw primary care 
physicians to these areas. Building new medical facilities, such as hospitals and clinics, may also 
help to bring primary care physicians to these areas, as a previous study indicated that these 
factors are important to young primary care physicians (Carpenter and Neun 1999). 
 The Patient Protection and Affordable Care Act, which was passed in 2010, is aimed at 
improving the health care system in the United States and increasing the number of citizens with 
health care coverage. Increasing access to primary care can help to accomplish the goals of 
several titles in the law such as “Quality, affordable health care for all Americans”, “Improving 
the quality and efficiency of health care”, and “Prevention of chronic disease and improving 
public health” (The Patient Protection and Affordable Care Act 2010). By improving access to 
primary care for American citizens, more health problems and chronic diseases can be prevented 
which will help to lower costs of health care. The federal government should emphasize the role 
of primary care and attempt to increase the number of primary care physicians. Scholarships or 
other benefits could be provided to young medical students who choose to pursue a career in 
primary care, with additional incentives for students who practice in underserved areas.  .. 
 
5.4 Future Research 
 
 The research presented here can be continued into the future. The eight year study 
showed increases in primary care physicians into the area, but very little improvement in primary 
care physician-to-population ratios in the areas that needed it most. Future research can examine 
the same questions presented in this project to see if underserved areas in Cook County improve 
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their physician to population ratios in the future. Over the eight year period in this project, 
population decreased in Cook County while the number of primary care physicians increased. It 
will be interesting to see how this trend continues into the coming years and to see if the number 
of primary care physicians begins to fall with the population. 
 The research methods employed in this study could easily be used in different areas of 
the United States. The American Medical Association’s Physician Masterfile contains data on 
virtually all physicians in the United States, and the U.S. Census Bureau provides free data for 
the entire country as well. The analysis methods used here can also be applied anywhere. Future 
studies could be conducted in different cities throughout the United States to see if primary care 
physician locations follow the same trends found in this research. 
  A similar project could also be done in other countries if comparable datasets could be 
acquired. Due to the rapid growth of specialists, and a fee-for-service private insurance system 
which pays for services regardless of where care was received, the health care system in the 
United States strongly emphasizes the seeking of care from specialist physicians (Starfield and 
Oliver 1999). This is a direct contrast to many other countries which have established primary 
care as a cornerstone of their health care systems (Starfield et al. 2005). Future studies could 
examine the location of primary care physicians in countries that have a strong focus on primary 
care, and determine if primary care physicians are pursuing different location strategies in these 
countries compared to the United States. Cook County is a very urbanized area. The city of 
Chicago makes up a large part of it, and suburban areas mainly make up the rest. Rural areas are 
virtually non-existent in Cook County. Future research could examine primary care physician 
access in rural areas and see how this compares to urban areas. The state of Illinois would be a 
good area of analysis for this research. The Chicagoland area is very urban, and there are pockets 
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of urbanized areas throughout the state around major cities such as Bloomington, Champaign, 
Rockford, and Springfield. However, the rest of the state is mainly rural, especially in the south. 
A statewide analysis would give insights into the differences in access between rural and urban 
areas. 
 As discussed before, spatial accessibility is just one aspect of access to health care. Future 
studies could account for the other dimensions using more qualitative methods such as 
interviews or surveys to complement the findings here. These studies would examine the more 
social and cultural aspects of access and allow a fuller view of accessibility to primary care 
physicians, and provide insights into the importance of spatial accessibility in relation to these 
other social, cultural and economic dimensions. For example, will people travel farther for 
cheaper or better primary health care? Will people still go to the same primary care physician 
even if they move across town?  How far are people willing to travel to see a specialist rather 
than a primary care doctor? Relationships between primary care physician location and places of 
employment may also yield insights on the question of access. People may choose physicians 
that are close to their work in order to easily access their physicians before or after work or on a 
break in their day. Comparing the physician densities with the number of jobs in a census tract is 
an important topic for future investigation. Investigating these topics would help to enrich our 
understanding of the connections between spatial and non-spatial access to primary health care. 
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